Introduction
with other treatments [7] . In the literature, at least one 25 study has found that a multi-segmental approach to 26 spinal manipulation improved neck pain more than ar-27 ticular manipulation alone [8] . The biomechanical re- pain [9] [10] [11] [12] . Considering this findings, in our study, 32 manipulations were performed on the upper thoracic 33 spine, the cervical spine and the temporomandibular 34 joint (TMJ).
35
There are different exercise protocols that can be 36 performed to reduce neck pain, a high-quality ran- ercise and a moderate decrease in pain [19] , this im- 
52
In our study, young adult women with chronic neck 53 pain who volunteered to participate were included, 54 both because they comprise the most common popu- 55 lation with neck pain [4] and because compared with 56 elderly people, young people have shown lower levels 57 of sternocleidomastoid (SCM) activity in the cranio-58 cervical flexion test (CCFT) [21] . This test relates the 59 activation of superficial neck flexors during the CCFT 60 with neck pain [22] .
61
There is lack of evidence to support any conclu-62 sions regarding the effectiveness of MT versus HE for 63 relieving mechanical neck pain. Therefore, this study 64 will add to the growing body of knowledge regarding 65 whether these two techniques yield comparable out-66 comes or one technique is superior to the other and 67 which should be the therapy of choice. This study was 68 performed to compare the short-term effects of an MT 69 protocol and an HE protocol on the neck disability in-70 dex (NDI), the visual analogue scale (VAS), pressure 71 pain thresholds (PPT), cervical spine ROM and EMG 72 activation of the sternocleidomastoid muscle (SCM) 73 during the cranio-cervical flexion test (CCFT) in young 74 adult women with chronic neck pain. 
Participants

90
Social networks and word-of-mouth were used to 91 recruit twenty-seven women with chronic idiopathic 92 neck pain. The participants were enrolled between 93 April and August 2016 and were randomly allocated to 94 either the manipulation group (MT, n = 13) group or 95 the home exercise group (HE, n = 14) (Fig. 1) .
96
Women were included if they were between 18 and 97 50 years old with a history of neck pain for 3 months 98 during the last year and a pain intensity at rest in the 99 week before the study of 30/100 on a VAS and so-100 matic dysfunction in temporo-mandibular joint, cervi-101 c o r r e c t e d p r o o f v e r s i o n
The individuals who met the inclusion criteria were 116 randomly allocated to the MT group or the HT group 117 using a computer-generated method (www.randomizer. 
192
Before the PPT measurement, the patients were in-193 structed to say "stop" when the sensation changed from 194 pressure to pain. The PPT was measured posterolater-195 ally, between the lower border of the occiput and the 196 horizontal level of the spinous process of C2, over the 197 C5/6 zygapophyseal joint, and the middle of the front 198 edge of the upper trapezius fibers). We also used a trig-199 ger point within the gluteus medius muscle as a re-200 gional control point, given its segmental distance from 201 the manipulated segment [33] . The PPT was assessed 202 on the most painful side indicated by the patient. When 203 both sides were reported as equally painful, the right 204 side was selected. Three measurements were recorded 205 for each PPT, and the mean was used for the statistical 206 analyses. An EMG-USB Multichannel Bioelectrical Ampli-211 fier (Bioelecttronica, Torino, Italy) device, which dis-212 played information in real time and stored it on a 213 personal computer, was used. The surface EMG was 214 recorded with 24-mm-diameter round adhesive bipolar 215 connector electrodes (Spes Medica, Battipaglia, Italy). 216 The participant's skin was cleaned with water before 217 electrode placement.
218
The sEMG signals were recorded at a sample rate of 219 2048 Hz and were post-processed offline using MAT-220 LAB (Mathworks, Inc.). The sEMG signals were band-221 pass filtered between 10 Hz and 500 Hz, and the am-222 plitude RMS value was obtained for each muscle.
223
To measure of the efficiency of the cervical deep 224 flexor muscles, SCM activity was assessed by perform-225 ing the cranio-cervical flexion standard clinical pro-226 tocol described in previous studies [22, 34, 35] . These 227 studies showed the relationship between neck pain, the 228 inhibition of cervical deep flexor muscles (the longus 229 capitis and longus colli muscles) and the increased 230 EMG activity of the SCM. During this protocol, the 231 patient was in the supine position with the neck in 232 a neutral position, such that the line of the face was 233 horizontal and a line bisecting the neck longitudinally 234 was horizontal to the testing surface. 
292
To correct the TMJ dysfunctions, TMJ mobilizations 293 (caudal and ventro-caudal traction, ventral and medi-294 olateral translation) were used [41] , these techniques 295 achieved a successful effects in the management of 296 temporo-mandibular joint disorders [45] .
297
The participants were instructed to contact the princi-298 pal researcher if adverse events such as pain, headache, 299 dizziness or other symptoms occurred in the week 300 after the study. 
Home exercise group (HE)
302
On the first day, the patients in the HE group 303 received personal instruction and supervision by an 304 experienced physiotherapist to ensure that they per-305 formed the exercises correctly. All of the subjects were 306 given an exercise diary and a telephone and email con-307 tact. The exercise lasted no longer than 10-20 minutes 308 once per day. The exercises were to be performed with-309 out provoking neck pain.
310
The HE protocol consisted of a general range of mo-311 tion movements, specific stretching of the bilateral up-312 per trapezius and cervical extensor muscles, CCF and 313 submaximal isometric exercises.
314
First, while the participant was in a sitting position, 315 general range of motion movements of the neck (flex-316 ion, rotation and side bending) were achieved 10 times 317 in each direction. The movements were performed gen-318 tly, with the goal of trying to go a little further during 319 each repetition.
320
The stretching exercises were performed with the 321 participant in a sitting position. To stretch the right up-322 per trapezius, the subjects fixed the right shoulder with 323 the left hand and then performed a left lateral flexion, 324 right rotation and slight anterior flexion of the head and 325 neck. The left trapezius was then stretched in the same 326 manner. The cervical extensor muscles were stretched 327 using neck and head flexion; to aid the stretch, the 328 hands were placed at the occipital bone. The stretch 329 position was maintained for 30 seconds. Each exercise 330 was repeated 3 times [14, 15] .
331
In the supine position, the subjects performed a 332 CCF exercise for 10 repetitions of 10 seconds' du-333 ration, with a 10-second rest interval between each 334 contraction (total contraction time: 100 seconds, to-335 Pre and post values were expressed as mean (SE) two groups and all variables. Significant group interaction (P < 0.05).
Results
383
Subjects
384
Of the 28 patients deemed eligible for inclusion, 385 96% (27 of 28) were enrolled and randomly divided 386 into 2 groups: the MT group (n = 13) and the HE 387 group (n = 14); (Fig. 1 ). There were no significant dif-388 ferences in the subjects' baseline characteristics (Ta-389 ble 1) between the two groups. No adverse events were 390 reported, and all of the participants who were randomly 391 assigned to a group completed the study. 
Neck disability index
393
After one week, both interventions (manipulation 394 and home exercises), showed significant ant differ-395 ences (p = 0.000 in both cases), and the changes 396 were not significantly better in the manipulation group 397 (−43.4% ± 21.82) than in the home exercise group 398 (−39.72 ± 22.68). Additionally, the Cohen's d showed 399 large effects (d = 1.36; 0.61-2.03) in both the ma-400 nipulation and the exercise group (d = 1.43; 0.70-401 2.09); however, no differences were observed between 402 the groups (p = 0.909) ( Table 2) (Figs 2 and 3) . 
Visual analogue scale
404
Significant changes were observed in both groups 405 between the pre-and post-intervention measurements 406 (p = 0.001 in both cases), and the effect size was large 407 (d = 1.11; 0.39-1.77 in the manipulation group and 408 1.52; 0.77-2.17 in the home exercise group), but no 409 differences were observed between the groups (p = 410 0.908) ( Table 2) (Figs 2 and 3) . 
Cervical range of motion data
412
One week after the interventions, no significance . 425 Regarding the between-group interaction, only the ex-426 tension range differences were considered significant 427 (p = 0.037) ( 
Pressure pain thresholds
429
No significant changes were observed in any of the 430 measured PPTs from pre to post intervention or be-431 tween groups; however, the effect size in the MT group 432 was considered moderate for the upper trapezius PPT 433 (d = 0.48; −0.19-1.12), which had a decrease of 434 11.24%. No differences were observed between the 435 two groups (Table 4) . (Table 5) . , and an effect size greater than 0.8 was considered large, an effect size of approximately 0.5 was considered moderate, and an effect size of less than 0.2 was considered small. * p-values were drawn from nonparametrical tests. the short-term effects of an MT protocol with those
453
of an HE protocol in women with chronic neck pain.
454
The main finding was that both interventions improved 455 function and pain, with only marginal between-group 456 differences in favor of MT group, manipulation was 457 more effective than exercise for only 2 out of 17 mea-458 sures.
459
After one week, both interventions showed an im-460 c o r r e c t e d p r o o f v e r s i o n MT group (n = , and an effect size greater than 0.8 was considered large, an effect size of approximately 0.5 was considered moderate, and an effect size of less than 0.2 was considered small. * p-values were drawn from nonparametrical tests. 
542
Patients with chronic cervical pain often present a 543 significant correlation between pain intensity and su-544 perficial muscle activity during cranio-cervical flexion 545 tests, a finding that could explain altered neuromuscu-546 lar function [16] . In the exercise group, after one week, 547 statistical analysis showed a decreasing trend in the 548 SCM signal during the first stage of the CCFT with 549 a moderate effect size (d = 0.57; −0.12-1.22). This 550 result was not consistent with those of previous stud-551 ies [56] , which showed immediate, significant changes 552 during the third and fifth stage; however, our find-553 ings were in the same line as those of Gallego , did not find significant short-term 567 changes in motor control of the neck; however, a differ-568 ent motor control test was used. In the authors' opin-569 ion, the SCM signal decrease in the fifth stage could 570 be explained because the temporomandibular joint ma-571 nipulation had an effect on cranio-cervical biomechan-572 ics [9, 11, 12] ; however, this conclusion should be af-573 firmed by an exhaustive investigation.
574
These findings did not explain the excellent results 575 on the NDI and VAS; however, in the authors' opin-576 ion and in agreement with other investigators, multi-577 ple factors could contribute to altered motor function 578 in individuals with chronic mechanical neck pain [16] . 579 Some limitations of this study should be considered. 580 First, the investigator who performed the measurement 581 protocol was not blinded to the intervention. Second, 582 although we attempted to control for adherence to the 583 home exercises through telephone contact, it was im-584 possible to determine whether the exercises were be-585 ing performed correctly. Third, the VAS and NDI are 586 self-reported measures of pain, not objective measures. and both rotation directions improved after one week.
614
The between-group differences were marginal, and
615
MT showed significantly better results than HE in only 616 2 out of 17 tests.
617
The effect size in the MT group was considered 
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